We investigate whether the returns of industry portfolios in Japan predict Fama and French's well-known smallminus-big (SMB) and high-minus-low (HML) factor returns. In Japan, a significant number of industry returns, such as from glass and ceramics products, iron and steel, machinery, textiles and apparel, and marine transportation, forecast either SMB or HML factor returns by up to two or three months. These results hold even after controlling for many predictable macroeconomic variables. These findings suggest that industry returns contain profitable information on Fama-French SMB and HML factor returns, and this provides useful practical information for equity investment businesses.
I. INTRODUCTION
Are industry returns useful for equity investment? Is the information currently contained in industry returns used as much as it merits to understand real equity markets? Recent influential research by Hong et al. [1] found that industry returns lead the US stock market. Hong et al. [1] concluded that these findings support the gradual-information-diffusion hypothesis. This suggests that markets incorporate the information about their fundamentals in industry returns with a lag, because information diffuses gradually across asset markets. In turn, the hypothesis of Hong et al. [1] is derived from suggestions in the recent behavioral finance literature, including Shiller [2] and Sims [3] , that investors are rationally bounded and have limited information-processing capacity. 1 With this in mind, Hong et al. [1] focused on excess market and industry returns. 2 In contrast, substantive work by Fama and French (including Fama and French [32] [33] [34] [35] [36] [37] ) demonstrated that not only excess market returns but also small-minus-big (SMB) and high-minus-low (HML) factor returns play a significant role in stock markets. Thus, although the gradualinformation-diffusion hypothesis may not be directly applied, it is meaningful to investigate whether the returns of industry portfolios predict SMB and HML factor returns.
This will help deepen our knowledge of stock return relations in Japan. Hence our objective is to test the predictability of industry portfolios for SMB and HML factor returns using the Japanese stock market and macroeconomic data. As far as the authors are aware, there is no existing research on the relation between industry returns and Fama-French factors in Japan. We suggest that one reason for the limited extant research is that researchers are obliged to construct these factors by themselves from the beginning.
Our contribution is as follows. First, we find that in Japan a significant number of industry returns forecast SMB returns by up to two months. Second, a significant number of industry returns also forecast HML returns by up to three months. These forecasting abilities are found even after controlling for many predictable macroeconomic variables. Third, we show that in Japan HML returns lag a little behind SMB returns. This result is obtained using mutual impulse response analysis of the SMB and HML series.
The rest of this paper is organized as follows. Section II explains the data used. In Section III we describe the test methodology and empirical results. Section IV concludes the paper.
II. DATA
The sample period of the data set used in the paper is from October 1981 to December 2004. We first construct the Fama-French SMB and HML for Japan. 4 We also use 28 industry returns obtained from the Japan Securities Research Institute. The following abbreviations denote the industries. AGRIC: Fishing, Agriculture & Forestry; MINES: Mining; CNSTR: Construction; FOOD: Foods; TXTLS: Textiles & 4 Using Tokyo Stock Exchange (TSE) First Section stocks and following Fama and French [33] , we construct the SMB and HML factor returns. SMB is the monthly difference between the average of the returns on the three small-stock portfolios (small/low, small/middle, and small/high) and the average of the returns on the three big-stock portfolios (big/low, big/middle, and big/high), while HML is the difference between the average of the returns on the two high-BE/ME portfolios (small/high and big/high) and the average of the returns on the two low-BE/ME portfolios (small/low and big/low). Small-stock portfolios and big-stock portfolios are constructed by allocating the TSE First Section stocks by their size, and high-BE/ME and low-BE/ME portfolios are constructed by allocating the TSE First Section stocks by their BE/ME ratios. We strictly follow the methodology of Fama and French [33] . [1] ; these denote the following. INF is the inflation rate of the Consumer Price Index (CPI) (from the Statistics Bureau, Ministry of Internal Affairs and Communications); DSPR is the default spread between the yields of the long-term Nikkei Bond Index (from Nikkei, Inc.) and 10-year government bonds (from the Bank of Japan); MDY is the dividend yield of the Tokyo Stock Exchange's (TSE) first section; and MVOL is the historical one-year market volatility of the TSE first section stock returns (the return data is also from the Japan Securities Research Institute).
III. PREDICTIVE REGRESSIONS INVOLVING IN-DUSTRY AND FAMA-FRENCH FACTORS
Here we explore the ability of industry returns to lead SMB and HML returns in Japan. To see whether industries can forecast Fama and French's SMB and HML in Japan, we estimate the following specification separately for each of the 28 portfolios:
where R i, t -1 is the return of industry portfolio i lagged one month, Z t-1 is a vector of additional market predictors. We include a number of well-known market predictors in Z t-1 as a set of control variables. Among these is the INF (Fama and Schwert [38] ), the DSPR (Fama and French [39] ), MDY (Campbell and Shiller [40] ) and MVOL (Hong et al. [1] ). These variables are generally thought to proxy for time varying risk in the established financial literature. We also include SMB t-1 in Z t-1 of equation (1), and HML t-1 in Z t-1 of equation (2). Tables 1 and 2 summarize the empirical results. In Tables  1 and 2 , we display the results of (1) each 28 regression and (2) the joint test of the null hypothesis that all the i s equal zero ( 1 = 2 =...= 28 =0) for each of the three dependent variables (month t, month t +1, and month t +2 SMB and HML factor returns). For the joint test, we stack the regressions given by (1) or (2) into a single system and perform Wald tests of the joint significance of the coefficients. Values of the Wald test statistic and corresponding p-values are reported in the final rows of Tables 1 and 2 . First, as shown in Table 1 , for month t returns, seven out of 28 industries lead the SMB factor returns; for month t+1, eight industries lead the SMB factor returns; and for month t+2, no industry leads SMB factor returns. Moreover, as shown in Table 2 , for month t returns, 12 out of 28 industries lead HML factor returns; for month t+1, eight industries lead HML factor returns; and likewise for month t+2, eight industries lead the HML factor returns.
As shown by the Wald test results for the SMB factors in Table 1 , for month t returns we can reject the null hypothesis that all the i s equal zero at the 1% level of significance. For the month t+1 SMB factor returns, we can reject the null at the 5% level of significance. For the month t+2 returns, we fail to reject the null. In terms of the Wald tests for the HML factors, as shown in Table 2 , we can reject the null hypothesis that all the i s equal zero at the 1% level of significance for the month t and t+1 returns. For the month t+2 HML factor returns, we reject the null at the 5% level of significance. Thus, in Japan industries generally predict HML better than SMB. 5 To understand better the difference in the results for SMB and HML, we estimate a Vector Autoregressive (VAR) model with three lags, 6 and depict the impulse responses between SMB and HML in Figs. (1) and (2) . As shown in Fig. (1) , when there is a shock of one standard deviation to the HML innovation, SMB has already positively responded. For the HML, after there is a shock of one standard deviation to the SMB innovation, HML gradually positively responds. From this phenomenon, we can see that HML returns lag a little behind SMB returns in Japan, and this brings about the difference in results in Tables 1 and 2 . We also propose that SMB is more sensitive than HML to Japanese business cycles, and consequently, industries cannot forecast SMB better than HML.
Furthermore, as far as the authors are aware, this is the first research that examines whether industries lead the Fama-French SMB and HML factors in Japan, and evidence on this for other countries does not yet exist. Hence if the same tests are implemented in other markets, different results might be obtained because of differences in the popularity of SMB and HML returns, differences in market structure, and so on. Thus tests similar to ours in other international markets are interesting for both practical business investment decisions and the academic field of finance.
IV. CONCLUSIONS
This paper investigates whether industry returns in Japan lead Fama-French factor returns. We find that in Japan the returns of industry portfolios are able to predict the movements of Fama and French's SMB and HML factor returns. These results are similar to the finding by Hong et al. [1] that industry returns lead US excess market returns. 
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Notes: This table presents forecasts of SMB factor returns using various industry portfolio returns (separately) at various horizons: month t, month t + 1, month t + 2. The other forecasting variables are lagged SMB (SMB factor return), INF (the CPI inflation rate), DSPR (the default spread between the yields of the long-term Nikkei Bond Index and 10-year government bonds), MDY (the dividend yield of the market portfolio), and market volatility (MVOL). We only report the coefficients before the lagged industry return. We used the Newey-West [41] method to correct the t-statistics used for evaluating the significance of the coefficients. We also report Wald tests of the joint significance of the coefficients estimated by constructing a system (joint test of the null hypothesis that all lambdas are zero Notes: This table presents forecasts of HML factor returns using various industry portfolio returns (separately) at various horizons: month t, month t + 1, month t + 2. The other forecasting variables are lagged HML (HML factor return), INF (the CPI inflation rate), DSPR (the default spread between the yields of the long-term Nikkei Bond Index and 10-year government bonds), MDY (the dividend yield of the market portfolio), and market volatility (MVOL). We only report the coefficients before the lagged industry return. We used the Newey-West [41] method to correct the t-statistics used for evaluating the significance of the coefficients. We also report Wald tests of the joint significance of the coefficients estimated by constructing a system (joint test of the null hypothesis that all lambdas are zero Fig. (1) . Response of SMB to the one standard deviation shock to the HML innovation.
Fig. (2).
Response of HML to the one standard deviation shock to the SMB innovation.
Hong et al. [1] urged that related empirical research be undertaken by following their analysis. This research adds to the evidence by supplying similar results using different materials, such as SMB and HML factor returns in Japan. As Fama and French demonstrated, SMB and HML factor returns play a significant role in equity markets in general. If these factor returns can be forecast from industry returns, studying the latter will lead to a useful and profitable strategy for equity investment. Our evidence also suggests that the information in industry returns could be more effectively used in Japan. Additional research in other international contexts should also be considered. Monthly return of HML
